. Asymptomatic or inapparent infection may be more common among adults than children; parotitis occurs more commonly among children aged two to nine years (4, 5) . Serious complications of mumps infection can occur without evidence of parotitis (3, 6, 7) . After approximately one week, the fever and swelling subside, and if there are no complications, recovery is complete (1, 2) .
Although mumps may produce many complications, the most serious ones are more common in adults than in children (3, 8) . The neurological complications are dominated by aseptic meningitis, which is asymptomatic in 50% to 60% of subjects and symptomatic in only 4% to 6% of clinical mumps cases (2, 9) . Aseptic meningitis is usually mild; the outcome is generally favourable, and complete resolution usually occurs within three to 10 days. The more serious neurological complication is meningoencephalitis, which can cause permanent sequelae, including paralysis, seizures, cranial nerve palsies, aqueductal stenosis and hydrocephalus (10, 11) . Mumps was a major cause of sensorineural deafness among children in the prevaccine era; this deafness may be sudden in onset, bilateral, and permanent (12, 13) .
Orchitis, most often unilateral, appears in 20% to 50% of boys contracting mumps before puberty. Both testicles may be affected in up to 30% of cases, but mumps-related orchitis is rarely associated with irreversible sterility (2) . Pancreatitis is uncommon and reported in 2% to 5% of cases. The mortality associated with mumps is estimated at one to three cases per 10,000 subjects (2) . Mumps infection during pregnancy is not associated with congenital malformations (14) .
The first attenuated live virus mumps vaccines were developed during the 1960s, and most industrialized countries have introduced vaccination against mumps into their national vaccination programs. Vaccines for measles, mumps and rubella (MMR) are combined into a single MMR vaccine. The current vaccine strain used in Canada is prepared from the Jeryl Lynn attenuated virus and was licensed for use in 1969 (15). The MMR vaccine was introduced as a single dose to children aged 12 to 15 months. In Canada, a recommendation for providing a booster dose to children was made in the mid-1990s. The National Advisory Committee on Immunization currently recommends vaccination of all children at 12 months of age with the MMR vaccine, followed by a booster dose at either 18 months of age or at four to six years of age (15).
In both Canada and the United States (US), the reported incidence of mumps decreased steadily after the introduction of live mumps vaccine in the late 1960s and the subsequent recommendation for its routine use. In Canada, 87 to 205 cases have been reported annually over the past several years, without sustained transmission or frequent complications (16) . In the US, by the mid-1990s, just over 900 cases were reported annually, representing a 99% decrease from the 185,691 cases reported in 1968 (17) . Despite the substantial reduction in mumps incidence over the past few decades in both Canada and the US, recent multiple outbreaks of mumps have suggested a resurgence of the disease and serve to underscore the need to maintain high immunization levels. Since August 2005, two outbreaks of mumps in Nova Scotia have been reported (18) . The first outbreak involved 13 high school students, nine of whom had previously received two doses of MMR and four who received a single dose. The second outbreak involved 19 cases among students and staff at a local university, of whom 18 had received only one dose of MMR (the other individual received a second dose). The viruses identified in the outbreaks were phylogenetically similar and belonged to a genotype commonly reported in the United Kingdom (UK). The virus from the second outbreak was identical to the strain currently circulating in the UK and US, which has been responsible for widespread outbreaks (18) .
In the US, between January 1 and October 7, 2006, a total of 5783 confirmed or probable mumps cases were reported to the US Centers for Disease Control and Prevention from 45 states and the District of Columbia (19) . The majority of cases occurred within the US Midwest. Six states reported 84% of the cases, including Iowa (n=1968), Kansas (n=904), Wisconsin (n=750), Illinois (n=591), Nebraska (n=357) and South Dakota (n=288). The median age was 22 years, and 63% were female. The highest incidence was recorded in persons aged 18 to 24 years, many of whom were college students. In Iowa (which had the most complete data), among 1798 patients, 123 (7%) were unvaccinated, 245 (14%) had received one dose of MMR vaccine, and 884 (49%) had received two or more doses of MMR vaccine. The vaccination status of 546 (30%) patients, the majority of whom were adults, was unknown (20) .
In addition to cases of mumps occurring in North America, during the 2005/2006 season, the UK experienced a nationwide epidemic of mumps, which peaked during 2005, when 56,390 cases were reported in England and Wales (21) . The majority of confirmed cases were in the 15-to 24-year-old age group, most of whom had not been eligible for routine mumps vaccination.
Multiple factors may have contributed to the spread of these mumps outbreaks. The outbreaks in Halifax, Nova Scotia, occurred in both a singly vaccinated cohort of young adults and a doubly vaccinated cohort of adolescents (18) . These outbreaks raise questions as to the efficacy of the MMR vaccine in each of these cohorts. Although the Jeryl Lynn mumps vaccine strain is thought to induce antibodies in 95% of people after a single dose, recent studies have estimated the efficacy of a single dose to be less than 70% (22) . Thus, a naturally occurring primary vaccine failure may offer an explanation for these cases. In light of the Halifax outbreaks, the National Advisory Committee on Immunization reviewed its mumps vaccine recommendations and decided to 'stay the course', recommending no changes to the current program, which presently recommends a two-dose schedule for mumps (16) .
Although primary vaccine failure has been suggested as a potential cause of the outbreaks occurring in the US Midwest, field studies suggest that reductions in vaccine efficacy likely reflect a combination of both primary and secondary failure of the mumps component of the MMR vaccine (22) . Improper handling or administration of the vaccines by providers may have been a contributing factor in leading to some degree of 'failure' in these cases. Another factor that may have contributed to the US outbreak is the college campus environment, with its frequent and extended close contact among students living in dormitories, which facilitates transmission of mumps. In addition, only 25 states require two doses of MMR vaccine, and two-dose coverage with mumps-containing vaccine among college students is likely lower than coverage for measles-containing vaccine (almost exclusively administered as MMR vaccine) for students entering elementary school. Delayed recognition and diagnosis of mumps may have also contributed to spread in this outbreak; younger physicians may not have seen mumps, and thus may not consider the diagnosis in vaccinated persons. The potential for waning immunity has been postulated as another contributing factor because young adults in the 18-to 24-year-old age group would most commonly have received their most recent dose of mumpscontaining vaccine six to 17 years ago. In the UK, the contributing factors were different, and the large number of cases may have been primarily related to a lost unvaccinated cohort. During November 1994, approximately eight million school children aged five to 16 years (ie, born between 1978 and 1989) were offered combined measles-rubella vaccine to prevent a predicted epidemic of measles. At that time, a global shortage prevented offering MMR to this group, leaving a proportion of the eight million children susceptible to mumps (21) .
The recent resurgence of mumps in North America and the UK underscores the need for health care providers to remain alert for suspected mumps cases and the need to readdress current and past approaches to mumps management. Mumps transmission has occurred in past outbreaks involving hospitals and long-term care facilities housing adolescents and adults, thus reinforcing the need for vigilance in these settings as well. The US Centers for Disease Control and Prevention has recently updated its guidelines for preventing mumps transmission in health care settings (23) . The predominance among university-aged students in these outbreaks not only highlights an environment conducive for increased transmission, but also raises questions about the efficacy of the MMR vaccine itself. Clinicians should remain vigilant for symptoms of mumps, conduct appropriate diagnostic testing, and report these cases to regional or provincial public health authorities. Appropriate specimens for laboratory testing include serum to test for mumps immunoglobulin M antibodies and a swab from the parotid duct or other affected salivary gland ducts for viral isolation, reverse transcriptase polymerase chain reaction testing, or both. Negative laboratory tests, especially in vaccinated persons, should not be used to rule out a mumps diagnosis, because these tests may not be sensitive enough to detect infection in all persons with clinical illness.
Related to vaccine use, it is becoming clear that two-dose schedules of mumps-containing vaccine preparations, used in Canada since 1996, have a greater chance of eliminating mumps, most likely by reducing the rate of primary vaccine failure (16, 18) . From a Canadian perspective, ensuring full compliance with current recommendations and continuous vigilance by clinicians for clinical cases of mumps must be maintained.
